| INTRODUC TI ON
As measured by contrast echocardiography, pulmonary transit time (PTT) has been increasingly recognized as a useful marker of cardiopulmonary function due to its reproducibility, correlation with ventricular function and pulmonary vascular parameters, and ability to be incorporated into the workflow of a busy echocardiography laboratory.
1,2 PTT derived from cardiac magnetic resonance imaging (MRI) predicts mortality 3 but is generally less practical than echocardiography and may also exclude important patient subgroups, such as those with chronic renal insufficiency and non-MRI compatible cardiac devices. Therefore, establishing whether PTT obtained from contrast echocardiography is comparable to that derived from cardiac MRI could provide a foundation for expanding the use of this
metric.
Previous work has demonstrated good agreement between contrast echocardiography and cardiac MRI in those with advanced systolic heart failure preparing to undergo implantation of a cardiac resynchronization device. 4 While encouraging, these results may be most applicable to this narrow patient population and whether agreement of PTT between the 2 modalities holds up across a broader spectrum of cardiopulmonary disease has not been evaluated.
In addition, prior studies have shown that sonographers are able to independently acquire the images necessary to calculate PTT 1 and can also reliably estimate PTT from such images. Therefore, we evaluated a cohort with both contrast echocardiography and cardiac MRI for the purposes of (a) comparing PTT between these modalities across a range of cardiac illness; and (b) assessing the effect on PTT of variation in ROI size and location for each modality.
| ME THODS
This study was approved by the Vanderbilt Medical Center
Institutional Review Board, and all patients gave written informed consent.
| Study population
Nonpregnant adults undergoing clinically indicated transthoracicechocardiography in our Intersocietal Accreditation Commission for Echocardiography-certified laboratory were invited to participate in the study. Prior to approaching individuals to participate, review of their electronic medical record (EMR) was performed to assess medical history and gauge the approximate distance from their homes to our medical center. This screening was done to pro- 
| Echocardiography
For all participants, a comprehensive echocardiogram was per- user-defined ROIs encompassing the entire chamber were placed in the RV, LA, and LV ("large ROIs"). Thus, 3 distinct sets of ROIs were constructed for each participant: RV-LA "small," RV-LA "large,"
and RV-LV "large." After placement of ROIs, time-intensity curves of contrast passage through the right-and left-sided chambers were generated by the QLab software.
| Cardiac MRI
Cardiac MRI was performed using a commercially available 1. 
| Pulmonary transit time determination
For both imaging modalities, the time-intensity curves for each set of ROIs served as inputs to our previously described inflection point algorithm, from which PTT is calculated. 9 From these "raw" PTTs, the normalized PTT (nPTT) was calculated from the product of PTT and heart rate (HR). The nPTT expresses transit time as the number of cardiac cycles (stroke volumes or "beats") needed for the pulmonary blood volume to traverse the course between the ROIs (i.e, the pulmonary circulation) and thus can correct for variation in HR. For echocardiography, the HR was obtained from the telemetry lead displayed during the recording of contrast passage. For cardiac MRI, the HR used to determine nPTT was recorded on a single-lead telemetry strip just prior to the beginning of the study. All patients were in sinus rhythm during both studies. The variation in HR throughout the studies, and specifically during contrast administration, was minimal. BMI = body mass index; cMRI = cardiac MRI; DD = diastolic dysfunction; F = female; LVEF = left ventricular ejection fraction; M = male; MR = mitral regurgitation; PH = pulmonary hypertension; RV = right ventricle; TTE = transthoracic echocardiography.
TA B L E 1 Cohort characteristics and time between TTE and cMRI studies

| Statistical analysis
Transit times derived from echocardiography and cardiac MRI were compared using the same ROIs (RV-LV). These ROIs were chosen because they were used in a prior comparison of PTT obtained from contrast echocardiography and cardiac MRI. 4 To assess variability in PTT based on ROI size and location, additional comparisons were made from echocardiographic and cardiac MRI data. These comparisons included RV-LA "small" vs RV-LA "large" and RV-LA "large" vs RV-LV "large." The Spearman correlation coefficient and Bland-Altman technique 10 were used for these analyses (GraphPad Prism, La Jolla, CA, USA version 7.02).
| RE SULTS
The cohort consisted of 14 patients (five women, nine men) ranging in age from 27 to 64 years old (Table 1) 
| D ISCUSS I ON
This study demonstrates reasonable agreement between PTT and nPTT acquired by contrast echocardiography and by cardiac MRI.
These findings are consistent with prior work that found relative concordance between the two modalities 4 and extends the applicability over a broader range of transit times as the previous study focused exclusively on patients with severe chronic heart failure undergoing cardiac resynchronization device implantation (ie, patients with long transit times). Although the sample size is small in the current study, it is similar to that used in the prior comparison of PTT between the two imaging techniques. 
